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Abstract 
The American Society of Mechanical Engineers (ASME) 2017 Design Challenge is 
modeled after the 2016 Rio Olympics. Participants must build a robot to compete in 
Olympic style events. These Olympic events include a 10 meter sprint, golf ball hit, 
tennis ball throw, weight lift and stair climb. The sprint and stair climb event success is 
measured by time elapsed to complete the event. The weight lift is measured in weight 
lifted multiplied by height lifted, Newton-meters. The golf ball hit and tennis ball throw 
are evaluated by distance from robot. A robot was designed to meet this criteria. 
Analysis methods of statics, dynamics, and machine design were used to create the 
basis of minimum performance standards for each mechanical system. The robot was 
built primarily of VEX Robotics parts, and of 3D printed custom designed parts. 
Mechanical systems are also required to have a failsafe position to ensure safety of 
robot drivers and spectators. During construction of the robot, several design changes 
were made to accommodate space allowances and clearance issues between 
mechanical systems.  The robot was tested at the ASME Student Design Expo at 
Central Washington University, where it competed against robots made by other 
university participants. The robot is considered successful as it falls within 10% of the 
expected performance parameters for each event.   
5 
 
 
Introduction  
1a. Motivation 
The 2016 Summer Olympic Games inspired the American Society of Mechanical Engineers board to task 
ASME University Students to build a robot which mimics the physical challenges of human athletes.  
 
1b. Function Statement 
The device must perform the 5 challenges specified by the ASME Design Challenge. The ASME Design 
Challenge requires a robot to climb, jump, race, lift a payload and throw a ball. See Appendix K for the 
full Challenge Details.  
 
1c. Requirements 
The robot should mirror the qualitative aspects of the human athlete by being fast, strong and agile.  
I. Major Device Constraints 
 Robot must fit within 50cm x 50cm x 50cm sizing box in any orientation 
 Device controls must also fit in sizing box 
 Energy must be supplied using rechargeable batteries 
 Device must cost less than $600 
II. Event Requirements 
The device must perform the following events in order to score points at the ASME Student Design 
Competition. Breakdown of point system is found in Appendix K. 
 
i. The Sprint 
The device must travel 10 meters in a straight line and touch a fixed wall, then return to the starting line in 
less than 1 minute.  
 
ii. The Lift 
 The device must lift a smooth 2.5kg weight which fits in the sizing box as high as possible.  
 As the maximum height is reached, the device must remain stationary while judges measure the 
lift height.  
 The device must lift the weight in less than one minute. 
 The lift must be performed two times.  
 
iii. The Throw 
 The Device must throw a tennis ball as far as possible in less than one minute.  
 The Throw must be performed remotely. 
 The Device must throw the tennis ball at least 250 cm.  
 
iv. The Climb 
 The Device must climb a set of 3 steps, with heights ranging from 8cm to 15cm.  
 The Device must climb the set of steps and return to starting area in less than 2 minutes.  
 The Device must not be touched or fall off the steps, or the Device will be ranked last in the 
Climbing event score.  
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v. The Hit 
 The Device must hit a stationary golf ball to a landing point 250cm perpendicular from the 
starting position.  
 The Device must be operated remotely while performing the hit.  
 The Hit must be performed 2 times.  
 Set up for the hit must take less than 1 minute to complete. 
 
1d. Engineering Merit 
The robot must perform tasks in which a dedicated system for each event is required. Statics, dynamics, 
geometry, and machine design analysis are required to have a reliable and successful device. The machine 
design is highly dependent on motor and servo capabilities as well as end-effector and lift strength. The 
major requirement in every event is performing the task in a short amount of time, repeatability, durability 
and speed are paramount in the design.  
 
1e. Scope of Effort 
The primary aspect of this project is the device design. Secondary is programming, in which outside 
sources will be consulted for further remote programming assistance.  
 
1f. Success Criteria 
The success of the device is dependent on meeting or exceeding the design requirements and the 
performance of the device at the ASME Student Design Competition Expo. The device would also be 
considered successful if it performs each task in a timely and consistent manner, within 10% of each trial.  
Each system on the device should have a failsafe position and fail independently of other systems. The lift 
system must fail without hazard of falling or damaging other systems.  
 
2.0 Design and Analysis  
2a. Proposed Solution 
The device will consist of 4 different major systems to achieve the 5 separate tasks, and several support 
systems to support the operation of each system.  
2b. Design Description 
The robot components are categorized by the task requirement. Each task requires a separate system, 
however, the optimum design will have systems that will perform multiple tasks.  
I. Required Major Systems and Tasks Associated 
 Drive Train: The Sprint and The Climb 
 Elevator: The Climb 
 Arm: The Throw and The Lift 
 Club: The Hit 
II. Required Support Systems 
 Electrical System 
 Control System 
The device is largely dependent on the drive train and drive train speed requirements, which will limit the 
mass of the robot. The remaining systems are not expected to limit the mass or performance of the robot 
over all.  
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2c. Benchmark 
The robot’s basis of design comes from prior experience in US FIRST Robotics competitions and VEX 
Challenges. The Arm and Elevator’s benchmarks originate from other VEX Challenge, FIRST Lego 
League, and FIRST Robotics challenge designs. The Elevator shall perform similarly to this, German 
Lego Robot, https://www.youtube.com/watch?v=LjF6Fa-jowY. The Arm shall perform similarly to this 
Seattle Based FIRST Robotics Challenge robot claw: https://www.youtube.com/watch?v=_H1m34psFw8.  
2d. Performance Prediction 
The robot was designed to meet or exceed the minimum requirements described in Section 1C. The robot 
is designed to travel at a rate of 1 m/s, conquer the stair climb at a rate of 1 step / 20 seconds, kick the golf 
ball to 250cm away. The arm will lift a 2.26 kg, 5 lb, dumbbell to a height of 1.25m, or 0.75m modified 
height. The arm will also throw the tennis ball 250 cm away from the base of the robot.  
2e. Description of Analysis 
The analysis of the robot system consisted of optimizing systems to find the best performance based on 
given motor and beam capacities. The arm and kicker were designed with fewer constraints than the drive 
system and elevator. The arm and elevator utilize machined materials and 3D printed materials not found 
in the VEX kit of parts.  
2f. Scope of Testing and Evaluation 
The robot will be tested at CWU’s Hogue Hall, as there is sufficient space for testing. Final testing 
conditions will be known as the ASME Design Expo will also be held at CWU campus. The only area of 
testing which may involve testing outside of the CWU campus is the stair climb, to test various standard 
stair heights.  
2g. Analyses 
The process of analysis was based on first finding limiting design factors and free design factors. Table 1 
describes required design elements and their limitations. After finding limiting design factors, each 
system was analyzed to find required power, stress analysis and weight parameters associated with each 
challenge, and how other systems are affected as well. Appendix A contains sample calculations and 
optimization calculations.  
Table 1: Design Factors 
Event System Limiting Factors 
The Sprint Drive Train Weight, Power  
The Lift Arm Power, Space 
The Throw Arm Power, Space 
The Climb Elevator and Drive Train Weight 
The Kick Kicker Space 
  
2h. Device Design 
I. Drive Train 
The drive train is designed for simplicity, increasing speed and minimizing weight. The drive train 
consists of 4 wheels, each with 100 mm rubber wheels. The each side of the robot operates independently 
of the other, known as a tank drive. Each side of the robot drive is run by a 1.4W VEX Smart Motor, 
which has an output speed of 120 rpm. From the analysis, the required speed of the wheels is 191 rpm to 
achieve a tangential speed of 1 m/second, from Appendix A2.  
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II. Elevator 
The elevator acts as a fork lift, lifting the body of the robot up against the steps, see the rough sketch in 
Appendix A9. The elevator is powered by a VEX IQ motor, and uses a conveyor belt to lift the robot. 
Once the elevator has reached the specified height of 8-15cm, the moment due to the weight of the robot 
will allow the robot to rest on the top of the step. The foot of the elevator must allow for slippage, so the 
moment due to the robot weight can occur. The foot must retract, and be out of the way while other tasks 
are being completed. The elevator must also return to initial position to finish the climbing event. The 
elevator must also support the load of the robot while the robot descends the stairs.  The elevator is 
dependent upon the total weight of the robot to perform the climb. 
III. Arm 
The Arm will complete two tasks, the Lift and the Throw. The arm will consist of 2 rigid nesting bases, 
and 2 flexing arms. The rigid nesting bases will extend upward for to achieve a height of 1.25m for to 
complete the Lift. The flexing arms will interface with the rigid bases to form a Shoulder joint, which 
flexes 180°. The shoulder arm then interface with the elbow joint which flexes 90°. The final aspect of the 
Arm is the Claw, 1 rigid platform and 1 servo powered prong. The prong pinches around the weight and 
tennis ball to secure the payload. The elbow is then extended, lifting the claw up to the elbow’s maximum 
height, then the shoulder is extended to its maximum height. At this position, the rigid bases can extend to 
the maximum arm height to complete the Lift. To complete the throw, the shoulder is flexed to 45°, and 
the secondary spring loaded prongs are released, releasing the tennis ball. See Appendix A7 for full 
design analysis. 
IV. Club 
The club performs the golf ball hit. The club features motor driven club face. The kicker is cocked inside 
the perimeter of the robot, then is swung to impact the golfball outside of the perimeter. The club face is 
designed to mimic a golf driver, with a 10° loft angle, which provides the most compact kicker design, 
and meets the kinetic energy requirements to kick the ball. The kicker is made from 3D Printed ABS 
Plastic, which can withstand the impact of the golf ball and the moment due to the golf ball’s impact. See 
Appendix A8 for analysis.   
2i. Device Assembly 
The robot will be assembled using the drive base as the attachment site for all systems. The drive base 
will have a bottom plate for attachment sites for the arm, and a gap for the kicker to move freely in. The 
elevator shall be attached to the outer perimeter of the drive base. The electronics and control system shall 
be placed around the primary systems, and be easily accessible for repair and modifications. The 
electrical cables shall be neatly managed, as per best practices. See Appendix B1 for the exploded view of 
the robot.  
2j. Device Tolerances and Kinematics 
Though the systems work together, the primary concern of device function is preventing interference 
during each event. The robot must first be built in a modeling software such as Solidworks to analyze 
possible interference. The model will further determine and confirm tolerances and range of motion of 
each system on the robot.  
2k. Risk Analysis and Fail Safe 
The robot will have an Emergency Stop feature, where power will be cut from all systems. Each system 
will have a failsafe position, where if the emergency stop button is pressed or if motor systems fail, the 
system will not cause damage to other systems or operators. 
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3. Construction 
 
 
Figure 1: Completed Robot 
3a. Construction Process 
The robot will be built from the wheels up, starting with the drive base. The elevator will follow the drive 
base, then the arm and kicker. Space for the electrical system must be noted, to ensure enough room for 
operation and maintenance of the electrical system and controller. Possible issues will arise with 
clearance and interference between the separate systems.  See Appendix C for parts list and Appendix L 
for Construction Flow Chart. 
3b. Design Changes During Construction 
During construction many components needed to be changed for ease of construction, and prior 
miscalculations. See Appendix B1 for robot assembly revision 2.  
The Drive Base 
The large 4” wheels were too instable for driving and heavy for the elevator to lift. They were exchanged 
for smaller 2.75” rubber wheels. Each wheel was powered with a 1.6 gear ratio, for speed and ease of 
construction and maintenance.  
The Elevator 
The elevator’s design premise remained the same, the only difference between the previous design and 
the new design is the use of a rack and pinion lift instead of a tank tread conveyor belt. The conveyor belt 
was determined to be too difficult to attach inside the frame perimeter.  
The Arm 
The arm no longer relies on a nesting base, and instead uses a two member hinged arm to throw the ball. 
The nesting base design was found to be too complex and heavy for the competition and would require 
much more programming time.  
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The Claw 
The claw was increased in size to allow for more area to grip the tennis ball, and also increases the 
strength of the arm. See appendix B7 for design revision.  
The Kicker 
Due to smaller wheels, the kicker was reduced in size, to avoid hitting the ground during rotation. 
Additional structural members were added for attachment points for the Kicker Motor.  
4. Testing 
4a. Introduction 
The final test of the robot will take place at the ASME West Design Expo, on Central Washington 
University’s Campus. All preliminary testing will take place on Central Washington’s campus as space 
allows for such testing.  
Requirements  
The major requirements of the robot include fitting inside a 50cm x 50cm x 50cm sizing box. The specific 
event requirements are listed below.  
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Event Quantitative Requirement 
Throw  2.5m perpendicular distance 
< 1 min completion 
Hit 2.5m perpendicular distance 
<1 min completion 
Climb <2 min completion 
Sprint <1 min completion 
Lift Height of 1m 
Weight of 2.5kg 
<1 min completion 
 
The performance of the arm is key to the success of the robot, as it performs two major events using one 
system. The arm and kicker performance should also be measured by repeatability. Other factors 
influencing the performance of the robot is how the battery level affects the performance of the robot.  
Predicted performance 
After design revisions during construction and preliminary program testing, the arm is not expected to 
meet the 1 N-m weight lift requirement as the VEX motors do not have enough power to achieve the lift. 
Smaller weights will be used to perform the lift. Due to the uncertainty due to battery charge, the 
performance of each event is not predicted to meet requirements or repeatability.  
Data Acquisition 
All data during testing is recorded by person on a performance sheet, see the appendix for the 
performance sheet. This data is analyzed using excel to find data spread and error.  
Schedule 
Many milestone tests are set to take place prior to the ASME Design Expo. See Appendix E for Testing 
Schedule.  
4b. Testing Methods 
The resources required to test the robot include an operator and a judge. The operator performs each test 
while the judge records the time and distance measured. Video recordings can be used to verify timed test 
results, and photo evidence can be used to measure distance travelled. Preliminary data recording is 
performed on paper, and the robot designer to analyze design issues during each event performs any 
further analysis. Each event is timed, and results are analyzed on the test site. Typically, each test requires 
one button push, so the judge and operator can be the one in the same. The accuracy of distance measured 
events is dependent upon the measuring tape used. The majority of the tests used an English measuring 
tape, so all distances were converted to metric units. Conversion introduces error, however, each event is 
to the nearest 10th of a meter, and nearest .1 second. All data is recorded on paper, then input to digital 
storage for statistical analysis, or using direct to digital recording via the Excel cellphone app. Data shall 
be plotted to show data spread and performance error.  
4c. Testing Procedure 
Summary 
Standard method testing for each of the events will either measure distance, time elapsed, or weight lifted. 
For the tennis ball throw, distance and time to launch the ball are measured.  
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Time and Location 
The first test will take place 7 April 2017, in the Hogue Hall Fluke Lab. 
The second test will take place 12 April, 25 April, and the final test shall take place on 29 April 2017. 
Any additional testing shall reflect design changes.  
Resources Needed 
For the tennis ball throw, a tape measure or measuring wheel to measure the perpendicular distance from 
the robot. A reference datum for the starting position of the robot shall be marked out using masking tape 
on the floor. The masking tape should be removed after testing occurs. A stop watch must be used as well.  
The floor shall be level for each event.  
See Vex Troubleshooting for trouble shooting and VEX Bluetooth Connection between the robot and 
VEX controller.  
See Appendix M for the robot controls on the VEX controller.  
Procedure 
Prior to all testing, the following steps shall be performed to ensure connectivity. Each test is repeated 3 
times.  
1. Ensure robot battery is charged. Place the charged battery in the battery port on the robot Cortex.  
2. Turn the robot on, validate the Bluetooth connection between the robot and the VEX controller. 
The Throw 
1. Begin the timer.  
2. Cock the arm up and back using the controller, either using the preprogrammed button or the 
manual control joysticks. If using the joysticks, cock the arm back 45 degrees.  
3. Launch the ball forward, ensuring the claw opens at the 0 degrees from the vertical to release the 
ball.  
4. Stop the timer.  
5. Measure the perpendicular distance from the robot starting box.  
The Hit 
1. Place the golf ball on the tape line.  
2. Start the timer.  
3. Press the 8D button to activate the kicker and hit the ball.  
4. Press the 8U button to return the kicker back to starting position. 
5. Stop the timer. 
6. Measure the perpendicular distance travelled from the tape line.  
The Sprint 
1. Place the robot in the 1m x 1m starting area.  
2. Start the timer.  
3. Push the two joysticks forward, sending the robot forward, ensure both joysticks are pushed 
forward at the same time, else the robot will turn and stray from the course.  
4. When the robot hits the wall at the end of the 10m run, pull the two joysticks back, until the robot 
returns to the 1m x 1m starting area.  
5. Stop the timer. 
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The Climb 
Ascent: 
1. Place the robot in the starting box. 
2. Start the timer, using a lap function.  
3. Press the 7U button to lift the linear slides which lift the robot base off the floor.  
4. When the robot clears the top of the first step, stop pressing the button. The robot should shift 
forward, landing the front wheels on the first step.  
5. Press the 7D button to return the linear slides back to starting position. 
6. Push the joysticks forward to move the front of the robot to the base of the second step. Repeat 
steps 3-5 until the robot is at the top of the steps. 
7. Start a new lap on the timer. 
Descent:  
8. Start a new lap on the timer. 
9. Pull the joysticks back until the back wheels are at the edge of the final step.  
10. Press the 7U button to lower the slide down to the base of the step.  
11. Pull the joysticks back until the front wheels are off the top of the step.  
12. Press the 7D button to lower the robot down to the step.  
13. Repeat steps 7-10 until the robot is back in the starting box.  
14. Stop the timer.  
The Lift 
1. Place the robot in the starting area.  
2. Load the  smooth, rectangular prism weight, weighing 1kg in the claw. 
3. Start the timer.  
4. Using the 6D button, close the claw around the weight.  
5. Using the 5D button, lift the weight up from 90 degrees from the starting position. 
6. Stop the timer. 
7. Measure the height the weight is lifted, from the base of the weight.  
8. Score the lift using the score sheet in the appendix.  
9. Repeat steps 1-8 for weights .45kg, and .25kg.  
Safety 
There are no major safety concerns for spectators, as the expected distance from the robot base is ~2.5 
meters. The robot operator should ensure the battery is charged using the safe charge mode on the battery 
charger to prevent overheating and fire danger.  
Discussion 
Subsystem failure, such as malfunctioning arm or elevator, must fail safely without affecting the other 
subsystems. In preparation for each event, batteries should be charged, especially if performing events 
back to back.   
4d. Results 
The Throw 
The primary issue during testing was the geometry of the claw mechanism. The first test was unsuccessful 
as the motor threw the claw and the tennis ball during the event. The arm was then redesigned. See Claw 
Revision 3 for the final Claw design. Interferance between the claw and the arm did not allow for the claw 
to throw the ball.  
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The second test was a success as the ball was thrown an average of twice as far as the required 2.5 meters.  
Trial Distance 
(m) 
1 4.7498 
2 5.9436 
3 5.969 
4 2.5146 
5 3.6576 
6 3.6576 
7 5.334 
Avg. 4.54 
 
The Hit 
The first tests of the hit was had a reliability of 1.016, however only reached half the required 2.5 meters. 
The maximum distance travelled was 1.87 meters.  
Suggested additional testing include using a tee to lift the golf ball off the ground and mimic a golf swing 
instead of a golf putt. The golf kicker can also be redesigned to have a longer moment arm, for a faster 
tangential velocity, as at this point the maximum speed reached is .506 m/s. See the appendix for 
additional design revisions.  
Trial Distance 
1 1.2446 
2 0.9652 
3 0.8636 
4 1.0922 
5 1.8796 
Avg.  1.209 
 
The Lift  
The arm was determined not to have the appropriate power to lift 2kg, in the configuration required to 
perform the tennis ball throw. When tested at 2kg, 1 kg, and .5kg, the arm was not able to move a 
measurable distance.  
The final test involved a .25kg weight, and the arm was able to lift the .25kg weight up to the height of 
the robot arm consistently. Testing issues include operator error, as the operator could continue to lift the 
arm past the 90 degree point, and drop the weight on the robot base.  
The Sprint 
The first tests peformed found that during major drive base use, the robot would disconnect from the 
controller via VEXNet. After speaking several VEX alumni, it was determined that the electrical layout of 
the motors on the VEX Cortex throw the fuse, as all motors are on the same fuse. To remedy this 
electrical issue, motors should be split between the two fuses on the Cortex and the program should 
reflect the changes.  
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During testing, the battery cut out several times, trials 1 and 2 reflect that.  
 
Trial Time 
(Min:Sec) 
Avg. 
Velocity 
(m/s) 
1 1:21.9 .246 
2 1:31.2 .219 
3 1.36.0 .20 
 
The Climb 
The initially designed system was found to produce too much torque in the rack and pinion mechanism, 
an alternative solution is proposed. The alternate solution requires multiple system changes to the arm and 
the elevator system. The elevator shall lift the front of the robot, and the arm shall swing to push off the 
ground to level the robot. The drive base is then used to propel the robot forward. See Appendix B for 
Dedicated Climb System Design.   
5. Project Management 
5a. Proposed Budget 
The proposed budget is $200, based on the price of the VEX Kit of Parts, and CWU 3D printing fees. The 
VEX Kit of Parts will be provided by the Central Washington University Electrical Engineering 
Technologies Department. Printing fees were paid by sponsorship of Boeing and Matt Burvee. See 
Appendix D for detailed Project Budget.  
5b. Project Schedule 
The expected time to build the robot is approximately 2 months. See Appendix E for the general project 
schedule and appendix I for testing schedule. The time line was based on previous VEX and FIRST 
Technical Challenge 6 week build season timelines. Programming and troubleshooting is expected to 
consume most of the working time.  
5c. Project Management 
The personnel will primarily consist of the Engineer, the Operator, and the Judge. The engineer is 
responsible for the building and programming of the robot. The operator is responsible for the testing of 
the robot. The judge assesses the robot’s performance.  
6. Discussion 
The robot design was changed throughout construction and testing to accommodate for unforeseen design 
issues, such as wheel stability and interference. Although the robot performed satisfactorily in the Lift, the 
robot did not perform to expectations in the other four events. Below is the comparison between the initial 
calculations and the results. Much of the discrepancies between the results are due to the engineer over 
estimating the performance of the VEX motors. After construction and preliminary testing during 
construction, the lift requirement was speculated not to be met. The engineer did not take the weight of 
the arm into consideration during initial design calculations, and only used the motor strength and gear 
ratios. The golf ball kicker had potential to perform as expected, however, during the construction phase, 
the lever arm of the kicker was reduced by half, which led to ½ the distance travelled by the golf ball. 
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This can be easily remedied by reprinting the kicker to match the initial design. The climb mechanism as 
originally designed may need to be custom manufactured in order to achieve the original design intention, 
the rack and pinion lift. The alternative design solution, lengthening the arm and using the arm in 
conjunction with the drive base, would be the most cost and time effective solution. 
Event Expected Result Final Result Error 
Sprint 1m/s .2 m/s 80% 
Lift 2 kg @ .75 m .25 kg @ .5 m 91.6% 
Throw  2.5 m 4.54 m Exceeded 
Expectations: 
Success  
Hit 2.5 m 1.209 m 51.6% 
Climb 1 step/ 20 sec Did not complete 
 
7. Conclusion 
Although much of the robot did not meet designed expectations, Pentathalon Robot was demoed at the 
CWU ASME Design Expo on 28 April, and was unable to compete for lack of competitors. In some of 
the events, the robot was successful, while in others, it failed. From the start of the project, there was 
concern of an over ambitious design, and as the project proceeded, that concern became more valid. Some 
of the robot failure can be leant to miscalculation in design, overestimation of robot components, and 
subsystem failure. Although much of the robot was changed from the initial design, the robot was an 
excellent exercise in engineering, project management, and critical thinking.  
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Appendix A: Analysis 
Club Design Calculations 
Range (m) 0.25    
Mass of Ball (kg) 0.04593    
Diameter of Ball (m) 0.00427    
Volume of Ball (m^3) 2.44587E-07    
Angle of Kicker (° 
Degrees) 
Angle of Kicker 
(Radians) 
Velocity Req'd 
(m/s) 
KE Req'd 
(J) 
PE Req'd 
(J) 
85 1.4835 3.7581 0.3243 0.3243 
80 1.3963 2.6778 0.1647 0.1647 
75 1.3090 2.2147 0.1126 0.1126 
70 1.2217 1.9533 0.0876 0.0876 
65 1.1345 1.7893 0.0735 0.0735 
60 1.0472 1.6828 0.0650 0.0650 
55 0.9599 1.6155 0.0599 0.0599 
50 0.8727 1.5781 0.0572 0.0572 
45 0.7854 1.5660 0.0563 0.0563 
40 0.6981 1.5781 0.0572 0.0572 
35 0.6109 1.6155 0.0599 0.0599 
30 0.5236 1.6828 0.0650 0.0650 
25 0.4363 1.7893 0.0735 0.0735 
20 0.3491 1.9533 0.0876 0.0876 
15 0.2618 2.2147 0.1126 0.1126 
10 0.1745 2.6778 0.1647 0.1647 
5 0.0873 3.7581 0.3243 0.3243 
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Figure 2 APPENDIX A1 
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Figure 3 APPENDIX A2 
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Figure 4 APPENDIX A3 
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Figure 5 APPENDIX A4 
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Figure 6 APPENDIX A5 
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Figure 7 APPENDIX A6 
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Figure 8 Appendix A7 
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Figure 9 Appendix A8 
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Figure 10 Appendix A9 
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Appendix B: Drawings 
 
 
Figure 11 Appendix B1 Robot Assembly REV 01 
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Figure 12 Design Revision 2 
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Figure 13 Appendix B2 Kicker Model 
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Figure 14 Appendix B3 Kicker Drawing 
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Figure 15 Kicker Revision 2 
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Figure 16 Claw Revision 1 
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Figure 17 Claw Configuration 2 
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Figure 18 Appendix B4 Claw Configuration 
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Figure 19 Appendix B5 Claw 
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Figure 20 Claw Revision 2 
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Figure 21 Claw Revision 3 
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Figure 22 Appendix B6 Forklift 
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Figure 23 Forklift Revision 2 
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Appendix C: Bill of Materials 
ASME Design Challenge Robot     
Robot 
System Part Name/Description Quantity Supplier Price Notes 
All VEX Super Kit 1 VEX Robotics 329.99 Not Including Shipping, Shipping 4+ Weeks 
Drive Base Small Wheel Hub 4 VEX Robotics   
 200mm Travel Rubber Tire 4 VEX Robotics   
 Smart Motor 2 VEX Robotics  120 rpm, 1.4W 
 
Small Chassis Corner 
Connector 4 VEX Robotics   
 Channel 121-25 Aluminum 4 VEX Robotics   
 Motor Shafts 2 VEX Robotics   
 Pitch Shaft 4 VEX Robotics   
 36 tooth gear 4 VEX Robotics   
 60 tooth gear 2 VEX Robotics   
Kicker 3x4 Tee Plate 1 Vex Robotics   
 Spring 1    
Elevator Channel 121-25 Aluminum 2 VEX Robotics   
 Smart Motor 1 VEX Robotics   
 Spring 1 
Machine 
Shop   
 Custom Kicker 1 CAD LAB  3D Printed 
Arm Smart Motor 1 VEX Robotics   
 Spring 1 
Machine 
Shop   
Control 
System Robot Brain 1 VEX Robotics   
 VEX IQ Controller 1 VEX Robotics   
 2.4 GHz Radio 1 VEX Robotics   
 USB Cabling 1 VEX Robotics   
 Tether Cable 1 VEX Robotics   
Power Robot Battery 1 VEX Robotics   
 VEX IQ Controller Battery 1 VEX Robotics   
 Battery Charger and Cord 1 VEX Robotics   
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Appendix D: Budget 
Part Vendor  Price 
VEX Kit CWU EET Provided 
Vex  Rack and Pinion VEX   $    19.99  
3D Printing Fee CWU IT  TBD  
VEX Smart Motors (2) VEX   $    39.98  
VEX Pulley Base Pack VEX   $       5.99  
VEX C-Channels VEX   $       8.99  
Total Cost to Designer  $    74.95  
(Not including additional printing fees) 
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Appendix E Project Schedule
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Figure 24 Testing Schedule 
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Appendix F: Expertise and Resources 
The robot will be constructed using hand tools primarily, there are no special requirements of equipment 
or personnel.  
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Appendix G: Testing Data Form 
ASME Design Challenge Event Evaluation  
Date of Testing: _______  
Robot Revision #: _00-Samos 
Event Testing 
Criteria 
Trial Scoring/ Results 
1 2 3 
The Sprint Time to 10m    Place: 
The Lift Weight and 
Height 
Reached 
   Trial 1 
Mass*Height 
Trial 2 
Mass*Height 
Trial 3 
Mass*Height 
   
Overall 
Place 
 
The Throw Distance 
from 
throwing 
Line 
   Place: 
The Climb Time to 
Climb Steps 
   Place: 
The Hit Perpendicular 
Distance 
from Bot 
   Place: 
Winter/Spring 2017 
Rox Roque  
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Appendix H: Evaluation Sheet  
Evaluation Criteria 
Date of Evaluation: _____ 
Robot Revision #: 00-Samos 
 
Winter/Spring 2017 
Rox Roque 
  
Event 
Expected 
Result 
Average 
Result from 3 
Trials 
% Error 
Comments 
(possible cause of error, further 
improvements to be made…) 
The Sprint 
10 seconds    
The Lift 
16.62 kg-m 
2.26 kg x .75m 
   
The Throw 
250 cm    
The Climb 
100 seconds    
The Hit 
250 cm    
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Appendix I: Testing Report Raw Data 
Tennis Ball 
Trial Feet Inches 
TOTAL 
INCHES 
TOTAL 
METERS 
1 15 7 187 4.7498 
2 19 6 234 5.9436 
3 19 7 235 5.969 
4 8 3 99 2.5146 
5 12 0 144 3.6576 
6 12 0 144 3.6576 
7 17 6 210 5.334 
Golf Ball Hit 
Trial Feet Inches Total Inches Total meters 
1 4 1 49 1.2446 
2 3 2 38 0.9652 
3 2 10 34 0.8636 
4 3 7 43 1.0922 
5 6 2 74 1.8796 
Drive Base 
Trial Time 
Velocity 
(m/s) % Error Average 
1 01:21.0 0.246914 75% 0.232986 
2 01:31.3 0.219058 78%  
3 1:35.0 .20 80%  
  Lift   
Trial 
Height 
(m) 
Weight 
(kg) Error Average (m) 
1 .50 .250 91.6% .50 
2 .50 .250   
3 .50 .250   
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Appendix J: Resume 
  
Contact Phone: 206.733.0390 
Email: Roxann.Roque@gmail.com 
Work Experience 
 
Assistant Project Manager 
Proposing Multimillion Dollar Renovation Projects 
Coordination of Meetings with Subcontractors 
Managing Project Budgets 
Creating and Tracking Strict Project Schedules 
 
June-September 2014                     CCI Alliance                        Fort Wainwright, AK 
January-August 2015 
June-September 2016                                                     
Education College Education 
 
September 2012-Present 
Major: BS Mechanical 
Engineering Technologies 
Minor In Mathematics 
 
 
 
Central Washington University 
Expected Graduation: June 2017 
 
 
Ellensburg, WA 
 High School Education 
  
August 2007-June 2011 
 
 
Aviation High School 
 
Des Moines, WA 
Leadership 
Positions 
CWU Society of Manufacturing Engineers   
Senator 
Elected April 2016 
Volunteer 
Experience 
First Robotics Technical Challenge Judge 
Paws-Lynnwood Animal Shelter Dog Walking 
Awards & 
Certifications 
American Heart Association Basic Life Saving Skills (CPR/AED First Aid) Expires 8/2017 
Osha 30- Completed April 2015 
2011 American Association of University Women Technology Award Winner for The Highline 
School District 
 
52 
 
Appendix K: ASME Design Challenge 
ASME Design Challenge Introduction (document opens in new window) 
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Appendix L: Drawing Diagram 
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Appendix M: Robot Program and Button Mapping 
 
Figure 25 RobotC Program 
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